AD-A241 837 onracE | amiom, (@

Ppets—— TURI B ] ) 1Ry ‘) J 3
Pubsc re 1| | l l H 1 HIEE IBE. FGE ) AQUS ORF MEIDONMIL, INCLAGING LN TME 10¢ FMNEWING IMTTUCTGM., 080T AOurc
qathenn l l !5|?| ||II l i 1 I l‘i 4l 1§ < €OeCTIoN Of INOrMaTON. Send COMmENT regarcing Tirs Durden eTOmate ;"3:,'3"2 et ¥ thrs
collecto ||_ lit l u i Bl L LR NG AN Hesdauarters Servicr, Direciorste for Informaton Coersoom and Aegory, 1213 Jet{enon

CAVA MG mar, smrm sawme mrigivas T m asava mesmem = wm w os v JASGEMENT ING BLAGEL, A I0RTWOrT ReQUCTION Project (0704-3 1125, Wathington, OC 20303,

1. AGENCY USE ONLY (Leave diank) 2. REPORT OATE 3. REPQRT TYPE ANDO OATES COVERED
10/09/91 02-01-88 - 01-31-91

4. TITLE AND SUBTITLE 5. FUNDING NUMBERS

A Biological Neural Network Analysis of Learning and Memory NOOU14-88-K-0112

§. AUTHOR(S)
Richard F. Thompson N
7. PERFORMING ORGANIZATION MAME(S) ANO ADORESS(ES) 1 8. PERFORMING QRGANIZATION

. . i . . REPORT NUMBER
University of  Southern Califorunia :

Department of Psychology _
HNB 522 o
Los Angeles, CA 90089-2520

9. SPONSCRING/ MONITORING AGENCY NAME(S) AND ADODRESS(ES) 10. SPONSQRING/ MONITCRING

Joel L. Davis - Scientific Officer AGENCY REPORT NUMBER

Office of Naval Research
800 North Quincy Street
Arlington, VA 22217-5000 Code 1123B

11. SUPPLEMENTARY NGTES — 9 1"" 1 342 1
LN e i I
FHEE

12a. OISTRIBUTIOM/ AVAILABILITY STATEMENT B 12h. DISTRIBUTICN COOE

Approved for Public Release: Distribution Uﬁlimited

13. ABSTRACT (Maxxmum 200 worcs)

The basic goal of our research program is to localize and analyze processes and
mechanisms of memory formation, storage and retrieval in the mammalian brain. We
focus on associative learning and memory of elementary adaptive, skilled movements,
using classicalt conditioning of discrete movement (e.g., eyeblink, Llimb flexion). In
this_ contract period we have developed extensive evidence for the following:

1) using a tone conditioned stimulus (CS), the CS pathway involves the pontine nuclei
and their mossy fiber projections to the cerebellum, 2) the unconditioned stimulus
(US) reinforcing pathway 'involves the dorsal accessory olive and its climbing fiber
projections to the cerebellum, 3) the CR pathway projects from the interpositus
nucleus of the cerebellum to the red nucleus, 4) the memory trace appears to be
formed in the cerebellum. Our computational/mathematical work involves a neural
network model of the cerebellum and its associated brain stem circuitry, constrained
vy the biolagical propertieé of this neural system, a.d i: increasingly successful in
accounting for the properties of learning and‘memory of skilled movements.

14, SUBJECT TERMS 15. NUMSBER QF PAGES

Learning, memory, motor skills, cerebellum,

computational modeling 16, PRICE CQDE
17. SECURITY CLASSIFICATICON 18. SECURITY CLASSIFICATION 19. SECURITY CLASSIFICATION | 20. UMITATION OF ABSTRACT
GF REPQRT CF THIS PAGE QF ABSTRACT
UNCLASSIFIED . UNCLASSIFIED UNCLASSIFIED UNCLASSIFIED

NSN 7540~31-280-5300 Stancarg Form 298 (Rev. 2-39)

Jeencriea D AN Sta. ]38




P amr——————
o Yk
i
' g?eL’ Tl
. YN ]

‘ . ) IR R

\ N:;o;,rgui [» [N

FINAL TECHNICAL REPORT ~.
OFFICE OF NAVAL RESEARCH CONTRACT #N0014-88-K-0112 ~
RICHARD F. THOMPSON, PRINCIPAL INVESTIGATOR ___ ,‘:
NEUROSCIENCES PROGRAM Tewm' e
UNIVERSITY OF SOUTHERN CALIFORNIA C
PERIOD: 2/1/88 - 1/31/91 Q\;\ |

During this period we published a total of 24 papers éupyofted
by our ONR contract. The basic goal of our research is to localize
and analyze processes and mechanisms of memory formation, storage
and retrieval in the mammalian brain. We focus on associative
learning and memory of elementary adaptive, skilled movements.
Potential applications of our work range from enhancing memory and
performance in humans to new principles of memory coding and
storage in nonbiological systems to robotics. Our publications are
in three broad categories: empirical neurobiological analyses of
key brain systems, theoretical neurobiological and
computational/mathematical modeling, and reviews of our work and
the field. The 24 reprints are enclosed, listed in chronological
order in the bibliography, and numbered for convenient reference.

We present here a very brief overview of the work in each category.

Empirical Neurobiological Analysis

In earlier work (see 20 for review) we developed considerable
evidence for a theoretical model of the brain circuitry essential
for a basic form of association learning and memory: classical
conditioning of discrete, skilled behavioral responses. 1In brief,
this circuitry is the cerebellum and its associated brain stem
circuits. 1In this contract period we developed considerable
evidence that: 1) the CS pathway relays via the pontine nuclei and
their mossy fiber projections to the cerebellum (1,6,9,13,17),

2) the critical US pathway includes the cells of origin of climbing
fibers in the dorsal accessory olive (DAO) and normal learning
occurs when the CS is stimulation of the pontine nuclei and the US
is stimulation of the DAO climbing fibers (15). This (15) is a
particularly important paper in that it implicates long-term-

depression (LTD) as the synaptic me~hanism of memory storage in




cerebellar cortex. Other studies focussed on the CR pathway from
interpositus to behavior, the critical circuit being projections
from interpositus to magnocellular red nucleus, and showed that the
memory traces are not stored in the red nucleus (3,10,24). A study
focussing on control procedures evaluated the role of the
cerebellum in alpha conditioning (4). Perhaps the most striking
result we have obtained to date is that this type of learning
involves a clear structural change in the cerebellum, specifically
a decrease in distal dendritic branching of Purkinje neurons in
lobule H VI for trained animals compared to random stimulation
control animals, implying decreased numbers of parallel fiber

synapses (a structural correlate of LTD?) (20).

Theoretical Modeling

As noted above, we have developed a theoretical
neurobiological model of the neural circuitry essential (necessary
and sufficient) for the learning and memory of discrete behavioral
responses involving the cerebellum and its associated brain stem
circuits (5,14,20). A major discovery in our combined
neurcbiological and modeling work concerns a possible neural
circuit level instantiation of the basic IMS error correcting
algorithm in adaptive filter networks and in the Rescorla-Wagner
theory (16). 1In our computational/mathematical modeling we have
developed an increasingly specific "top-down" approach, constrained
by the actual connections and functional properties of the real
neural network (18,21). In the most recent paper, we draw detailed
parallels between neuraonally constrained models of learning of
adaptive movements and adaptation of the vestibulo-ocular reflex,
utilizing the LMS spectrum analyzer model of response topography
(22) .

Reviews

In review papers we have developed the evidence for cur
theoretical neurobiological model (2,7,8,11) and focussed on the
naturae of “hc essential reinforcement or teaching circuits in the

brain for the learning of discrete, skilled movements (12,19).
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